Abstract. Mn 5 Si 3 -type structure has been offering an interstitial chemistry. Recent report of enhancement of superconductivity in a Nb-based Mn 5 Si 3 -type compound by addition of an interstitial atom motivated us to investigate the effect of oxygenaddition in Mn 5 Si 3 -type Zr 5 Pt 3 . The superconducting critical temperature of 6.4 K in the parent Zr 5 Pt 3 is monotonously reduced to 3.2 K in Zr 5 Pt 3 O x (x=0.6) with increasing oxygen-content. As x is further increased from 0.6 to 2.5, exceeding the full occupancy of oxygen site (x=1.0), samples become multi-phases composed of Zr 5 Pt 3 O ∼0.5−0.6 , ZrPt and ZrO 2 . However, the superconducting critical temperature slightly increases to 4.8 K at x=2.5. The metallographic observation has revealed a change of microstructure at x ≥1.0. The change of microstructure and/or the composition effect would be responsible for the enhancement of superconductivity.
Introduction
A wide variety of atoms form the hexagonal Mn 5 Si 3 -type structure [1] , represented as or Hf 5 CuSn 3 -type structure. Figure 1 shows the crystal structure of A 5 B 3 X compound.
The added X atom is surrounded by A2 atoms in the octahedral site, which forms a face-sharing A2 6 chain along the c-axis. Another octahedral B atoms enclose the A1 atom which also forms a one-dimensional atomic chain along the c-axis. Therefore an expansion of lattice parameter a would enhance the one-dimensional nature of octahedral A2 6 and A1 atomic chains.
Although physical properties of numerous Mn 5 Si 3 or Ti 5 Ga 4 -type compounds are investigated [2, 3, 4, 5] , the superconductivity is reported only in several compounds.
The Nb-based system Nb 5 Ir 3 O is attractive as a rather high superconducting critical temperature T c compound. In Nb 5 Ir 3 O, the parent Mn 5 Si 3 -type Nb 5 Ir 3 exhibits superconductivity at 9.3 K. As the oxygen atoms are added, T c progressively increases to 10.5 K in Nb 5 Ir 3 O, which possesses two kinds of superconducting gaps revealed by the specific heat measurement [6] . was remelted with added Pt wire to form the stoichiometric composition. The samples were remelted several times to ensure the homogeneity of the samples. The weight loss during the arc melting was negligible. Each as-cast sample was annealed in an evacuated quartz tube at 800
• C for 4 days. The samples were evaluated using a powder X-ray diffractometer (Shimadzu, XRD-7000L) with Cu-Kα radiation. The metallographic characterization was carried out by observing back-scattered electron images obtained by a field emission scanning electron microscope (FE-SEM; JEOL, JSM-7100F). The atomic composition of sample was checked by using an energy dispersive X-ray (EDX)
spectrometer that was equipped with the FE-SEM.
The temperature dependence of ac magnetic susceptibility χ ac (T) in an alternating field of 5 Oe at 800 Hz, between 2.8 K and 300 K, was measured using a closed-cycle He gas cryostat. The temperature dependence of electrical resistivity ρ (T) between 2.8 K and 300 K was measured by the conventional DC four-probe method using the cryostat.
Results and discussion
Figure 2(a) shows the X-ray diffraction (XRD) patterns of Zr (filled circle) appear. The ideal uppermost oxygen content is 1.0 by taking into account the full occupancy of 2b site, however, we prepared the samples with x exceeding 1.0.
The peak intensity of impurity phases grows with increasing x from 1.0 (see Fig. 2 (b)).
In Zr 5 Pt 3 O 2.5 , the maximum peak intensity of ZrPt surpasses that of the Ti 5 Ga 4 -type structure. The lattice parameters of prepared samples were refined by the least square method using XRD data and listed in Table 1 . The x dependences of a and c, and close to Zr 5 Pt 3 , the oxygen-contents are far less than the nominal ones, which means On going from x=1.0, 1.5 to 2.5, the area of eutectic-like structure seems to increase.
We note here that it is important to investigate a phase relation, a homogeneity range and so on, for example, using a differential thermal analysis method. However, even for the binary Zr-Pt system, the phase diagrams in the vicinity of Zr 5 Pt 3 differ from literature to literature [11, 12, 13] , which indicates some difficulties in obtaining a precise phase relation or homogeneity range for Zr 5 Pt 3 O x system. Therefore, a thermal analysis study would require a long time and careful experiment, and remains an issue. listed in Table 1 . T c of Zr 5 Pt 3 is slightly lower than the literature [9] value 7.2 K. As x is increased from 0 to 0.6, T c systematically decreases to 3.2 K. However, further increase of x enhances T c up to 4.8 K at x=2.5. As mentioned above, the samples with x ≥ 1.0 contain well known insulating ZrO 2 and ZrPt. In order to check whether ZrPt is a superconductor or not, χ ac of ZrPt was measured and no diamagnetic signal down to 2.8 K is observed as shown in Fig. 5(b) . Therefore the observed superconductivities are (T) roughly corresponds to that obtained by χ ac (T) measurement (see Table 1 ). The sample with x=0 (also with 0.2 and 0.6) shows ρ (T) largely deviating from the linearity above T c . The similar deviation is observed in A15 superconductors such as Nb 3 Sn or a pyrochloa superconductor of KOs 2 O 6 , which is ascribed to an existence of additional scattering source [14, 15] . Although the origin of scattering source might be controversial, Woodward and Cody [14] have presented a well-known empirical formula as follows:
, where the first term means a residual resistivity, the second one phonon part of ρ and the third one describes anomalous temperature dependence. In Nb 3 Sn and KOs 2 O 6 , the equation well reproduces respective ρ (T). We have also fitted ρ (T) of Zr 5 Pt 3 using eq.
(1). If the linear term ρ 1 T is taken into account, the fitting accuracy is not satisfactory.
The well reproducibility as depicted by the solid curve in Fig. 6 (a) can be obtained by eliminating the linear term, which suggests a dominance of anomalous temperature dependence. The parameters were determined to be ρ 0 =183 µΩcm, ρ 2 =234 µΩcm and as the brighter image in Fig. 7 , shows a, c and c/a-ratio, which are between those of the sample with x=1.5 and x=2.5 (see Table 1 with T c =4.8 K (see Table 2 ), more precise study of composition effect might be needed.
Conclusions
We have investigated the oxygen-content dependence of T c in Zr 
